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Abstract: Facial soft tissue esthetics is a priority in orthodontic treatment, and emerging of the digital
technologies can offer new methods to help the orthodontist toward an esthetic outcome. This
prospective study aimed to assess the soft tissue changes of the face after six months of retention
following Rapid Maxillary Expansion (RME). The sample consisted of 25 patients (13 females,
12 males, mean age: 11.6 years) who presented with unilateral or bilateral posterior crossbite requiring
RME, which was performed with a Hyrax expander. 3D facial images were obtained before treatment
(T0) and at the end of a six-month retention period after the treatment (T1) using a structured-light
3D handheld scanner. Linear and angular measurements were performed and 3D deviation analyses
were done for six morphological regions of the face. Significant changes in various areas of the nasal
and the upper lip regions were observed. Based on the results of the study and within the limitations
of the study, RME with a Hyrax expander results in significant morphological changes of the face
after a six-month retention period.

Keywords: rapid maxillary expansion; malocclusion; facial soft tissue; three-dimensional imaging

1. Introduction

Rapid maxillary expansion (RME) is routinely used to eliminate skeletal maxillary
transversal deficiency, particularly in patients with posterior crossbite, moderate crowding,
and sleep apnea disorders [1–4], to achieve apical opening of the maxillary base along the
mid-palatal suture.

The approach basically relies on the forces generated by means of the RME appliances,
which can mechanically separate the maxillary segments at the mid-palatal suture [3–5].
By this treatment, the following can be achieved: correction of the skeletal transversal
deficiency and gain of space in the dental arch [6], improved smile by reducing the buccal
corridors [7] and expansion of the airway [8].

RME has an influence on the morphology of the soft tissues of the face as well. It is in
the patients’ best interest that such changes are understood [9]. Still, the area is surprisingly
under-researched and several questions are unclarified.

Until recently, changes in the soft tissue envelope and the underlying skeletal struc-
tures following RME have been examined mainly through two-dimensional (2D) imaging
techniques, mostly lateral cephalometric images, anteroposterior graphs, and photogram-
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metric analyses [10–12]. However, these methods suffer from superimposition and magni-
fication problems, which can be avoided using three-dimensional (3D) imaging.

Of the three-dimensional imaging methods, cone-beam computed tomography (CBCT)
is becoming increasingly popular. However, soft tissues are poorly represented using this
technique [13].

Therefore, noncontact optical scanning devices were introduced as 3D imaging tech-
niques for soft tissue visualization like laser surface scanning and stereophotogramme-
try [14]. These non-invasive approaches are thought to allow images to be captured at short
intervals without exposing the patient to the radiation, which makes them an appealing
option [14]. However, these devices are often bulky and also rather expensive, which are
clearly deterring factors [15].

By using a handheld 3D structured-light scanners, texture and color information of
the face can be promptly obtained in high resolution without radiation. Further advantages
include short scan time, portability, ease of operation, and reasonable cost [16]. Jung et al.
found that the accuracy of structured light systems compares to that of direct anthropo-
metric measurements and concluded that it is a reliable approach for a facial soft tissue
assessment [17].

Most of the previous studies that utilized 3D facial scanners to evaluate soft tissue
changes following RME have examined deviations at specific points and calculated linear
and angular measurements [18,19]. However, it is more accurate to predict changes within
the whole complex structures on a 3D basis rather than only between specified points.
Having recognized that, the aim of our prospective study was to adopt a comprehensive
examination of soft tissue in various morphological regions of the face after six months of
retention following RME, based on structured-light scanning.

2. Materials and Methods

This prospective study was approved by the Human Investigation Review Board,
University of Szeged, Albert Szent-Györgyi Clinical Centre (No. 151/2019-SZTE).

2.1. Study Sample

Patients in need of upper arch expansion were recruited from among the patients
of the Craniofacial Unit, Department of Oral and Maxillofacial Surgery, Albert Szent-
Györgyi Clinical Center, Szeged, Hungary, between January 2019 and January 2020. The
inclusion criteria included maxillary transverse deficiency, assessed both clinically and
radiographically, which is associated with either unilateral or bilateral posterior crossbite
and/or dental crowding. Exclusion criteria included the history of trauma or previous
orthodontic treatment, and patients with physical and psychological limitations and/or
craniofacial anomalies.

The sample size was calculated based on the findings of Kim et al. [20], and the
analysis was performed with G*Power software (Franz Faul, Universität Kiel, Germany)
Version 3.1.9.4, based on the assumption of the Wilcoxon rank test. A sample size of
23 patients was predicted to provide 80% of power with a 5% error of probability. A total of
25 patients (13 females and 12 males) with a mean age of 11.6 years (range: 8.1–14.4 years)
were enrolled in our study.

The 3D facial images were acquired immediately before the appliance was cemented
(T0) and at the end of the 6-month retention phase (T1), using a structured-light 3D hand-
held scanner (Artec EvaTM; Artec Group, Luxembourg). A 6-month retention period was
chosen to control for growth, which could have interfered with the results in case of a
longer period.

The proposed scanner uses structured light scanning technology to accurately capture
in a point-and-shoot manner up to 16 frames per second and each frame is a 3D image.
These frames are aligned automatically in real-time while providing high resolution (up
to 0.5 mm) and high accuracy (up to 0.1 mm). All images were taken with the head in a
natural head position and with a relaxed lip posture [21]. To reach the natural head balance,
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subjects were seated in a back-supported and vertically adjustable chair. They were asked
to turn their heads forward and backward with decreasing amplitude until they reached a
relaxed position [22]. Then they were told to look straight ahead to a point on the wall in
front of them at eye level.

2.2. Clinical Protocol

Following upper and lower alginate impressions, a Hyrax-type expander was con-
structed with 4 bands, palatal stainless-steel bars of 1.0-mm diameter, and a jackscrew
(Forestadent, Pforzheim, Germany) with stainless steel extensions soldered to the palatal
surfaces of each pair of bands. The activation of the jackscrew was for each quarter turn
equivalent to 0.25 mm.

The parents were instructed to activate the screw 2 turns per day (0.5 mm) and the
patients were recalled on a weekly basis of the expansion period (2 to 3 weeks). The expansion
was stopped when the palatal cusp of the upper molars was touching the buccal cusp of the
lower molars [23]. Then the appliance was kept in for the retention period (6 months), and
the jackscrews were blocked with a composite to prevent relapse (Figure 1).

Figure 1. Intraoral photographs of a patient. (a) Before the cementation of the Hyrax expander. (b) After the expander was
blocked for retention.

The expansion of the Hyrax jackscrew was measured for each patient. Dental cast
models were also made prior to expander cementation and after the retention period.
The distance between the mesial buccal cusp of the right and left upper first molar was
measured before and after the expansion and the difference was calculated.

After removal of the Hyrax appliance, we continued the treatment for all our patients
using a fixed appliance (self-ligating multibracket appliance, Roth prescription).

2.3. Data Processing and Measurements

In total, 18 landmarks (5 bilateral and 8 unilateral: Table 1, Figure 2) were defined
according to the literature [24,25]. In addition, 4 linear and 3 angular measurements were
performed directly on the 3D facial images using Artec Eva V.12 (Figures 3 and 4).
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Table 1. Definition of the facial landmarks used in our study.

Landmark Definition

Exocanthion Ex * Point at the outer commissure of the eye fissure
Endocanthion End * Point at the inner commissure of the eye fissure

Sellion Se The most posterior point of the frontonasal soft tissue contour in the midline of the
base of the nasal root

Alare Al * The most lateral point on each alar contour (on the base view)

Pronasale Prn The most anterior midpoint of the nasal tip (on the right and left profile view). If a
bifid nose is present, the more protruding tip is chosen to determine Pronasale

alar curvature point Ac * The point located at the facial insertion of each alar base. (on the submental view)

Subnasale Sn Midpoint on the nasolabial soft tissue contour between the Columella crest and
the upper lip

Labiale superius Ls The midpoint of the vermilion line of the upper lip (on the submental view)
Stomion Stm The midpoint of the horizontal labial fissure
Chelion Ch * The point located at each labial commissure (on the frontal view)

Labiale inferius Li The midpoint of the vermilion line of the lower lip (on the right profile view)

Sublabiale Sl The most posterior midpoint on the Labiomental soft tissue contour that defines
the border between the lower lip and the chin

Soft tissue Menton Me’ The most inferior midpoint on the soft tissue contour of the chin located at the
level of the 3-D cephalometric hard tissue Menton landmark

* Indicates bilateral landmarks (right and left).

Figure 2. Landmarks used in our study located on the 3D-facial images. (a) Frontal view (b) and (c) lateral views.

For the 3D deviation analysis, the 3D facial images were transferred into a reverse
engineering software (GOM Inspect Evaluation Software, Capture 3D, Inc, Santa Ana,
CA, USA) and polygon meshes were created in a stereolithography (STL) format. The
hair, ears, and the below-neck region were removed. The images obtained at the T0 time
point were aligned with the images taken at T1 using the best-fit method, as described by
Dindaroglu et al. [26] (Figure 5).
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Figure 3. Linear measurements used in our study. (a) Frontal view. (b) Base view.

Figure 4. Angular measurements used in our study. (a) Frontal view (b) and (c) lateral views.

Figure 5. The best-fit method used in our study. (a) T0 mesh. (b) T1 mesh. (c) The final mesh aligned.
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Negative values indicate that T1 images were located behind the T0 images (blue
shades), whereas positive values indicate that T1 images were located in front of the T0
images (red shades). To create morphological regions, eight lines passing through different
points specified on the face were determined and a 3D deviation analysis was made in six
morphological regions [26] (Table 2, Figure 6).

Table 2. Definition of morphological regions used for the 3D deviation analyses.

Region Definition

Total face The facial region designated while creating masks prior to alignment

Upper face
The region between the line passing through the right and left

Exocanthion points and the line passing through the Subnasal point
parallel to that line

Lower face The region between the line passing through the Subnasal point and
the line passing through the Menton point parallel to that line

Upper lip
The region between the lines passing through the right and left

Endocanthion points and the right and left Cheilion points, and the
line passing through the Subnasal point

Lower lip
The region between the lines passing through the right and left

Endocanthion points and the right and left Cheilion points, and the
line passing through a Sublabiale point parallel to other lines

Nose
The region between the lines passing through the right and left

Endocanthion points that are tangent to the nasal wings and the line
passing through the Subnasal point

Figure 6. The morphological regions and their reference lines used in our study. (a) Total face region
with the reference lines used. (b) Upper face region. (c) Lower face region. (d) Upper lip region. (e)
Nose region. (f) Lower lip region.

We also calculated the deviation magnitude for specific facial landmarks directly on
the 3D inspected meshes (Figure 7).
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Figure 7. Deviation labels of the facial soft tissue landmarks used in our study. (a) Frontal view (b) and (c) lateral views.

2.4. Statistical Analysis

Normal distribution of the data was established with the Shapiro–Wilk and Kolmogorov-
Smirnov tests. To determine the method’s reliability, T0 and T1 images of 10 randomly selected
patients were re-aligned and the measurements were recalculated one month later by the
same investigator. Intra-examiner reliability was assessed to evaluate the reliability of the
measurements in the same image and by the same investigator using the Intraclass Correlation
Coefficient (ICC).

The random errors were calculated according to the Dahlberg’ formula (D =
√

∑ d2/2N) [27],
where D is the error variance and d is the difference between the first and second measure. N is
the sample size, which was re-measured. The systematic errors were also evaluated by comparing
the first and second measurements using the dependent t test.

The (T0) and (T1) linear and angular measurements were compared. Significant
differences at the level of 5% of significance were tested using a Wilcoxon signed rank
test. In addition, for each patient, 3D deviation analysis was performed to calculate not
only the maximum positive and negative deviation, but also the mean deviation for the
facial meshes. Then, the Pearson correlation coefficient was calculated to determine the
correlation between the expansion amount (expressed as the amount of jackscrew activation
and resulting width difference of the upper arch) and the facial soft tissue changes. All
statistical analyses were performed in SPSS 24.0 (IBM, Armonk, NY, USA).

3. Results

All parameters were normally distributed, according to the Shapiro–Wilk and Kolmogorov-
Smirnov tests. No significant errors were found when repeating the measurements. The (ICC)
values between the two sets of measurements were a high range of 0.821–0.979. The amount of
random error was small enough (less than 0.5 mm/◦), and no systematic errors were found
between the measurements obtained on the two different occasions (p≥ 0.05). The mean value
of the jackscrew activation after RME was 7.75 mm and the mean of the upper arch width
difference calculated on the dental casts was 5.46 mm. Statistically significant changes of
the soft tissue variables were found after RME using the Wilcoxon rank test (Table 3).

The mean linear changes of the nasal width and the nasal base width after RME were
1.02 mm and 1.21 mm, respectively, and 2.62 mm for the mouth width. While we also
found significant angular changes after RME, the nasal tip angle increased by 3.2◦, while
the upper and lower lip angle have increased by 3.47◦ and 3.78◦, respectively.
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Table 3. Descriptive statistics of the pretreatment (T0) and post-treatment (T1) measurements.

T0 T1 ∆ = T1 − T0 p
Mean SD Mean SD

Linear measurements (mm)
Intercanthal width (EnR-EnL) 30.93 2.42 31.58 2.4 0.65 NS

Nasal width (Alar R.-Alar.L) 31.98 2.83 33.09 3.27 1.02 0.023 *
Nasal base width (AcR-AcL) 30.26 2.67 31.48 2.85 1.21 0.018 *

Mouth width (chR-chL) 43.28 3.8 45.9 3.7 2.62 0.01 *
Angular measurements (◦)

Nasal tip angle (AlarR-Prn-AlarL) 85.82 6.13 89.03 6.2 3.2 0.05 *
Upper lip angle (ChR-ls-ChL) 110.66 4.3 114.13 5.7 3.47 0.023 *
Lower lip angle (ChR-li-ChL) 122.16 6.1 125.94 6.34 3.78 0.047 *

* Significant changes at the level of 5% level of significance (α < 0.05) based on the Wilcoxon signed rank test. NS, Not significant.

We also calculated the descriptive statistics of the maximum positive and negative
deviation limits of the meshes, as shown in Table 4.

Table 4. Descriptive statistics of the maximum positive and negative deviation in the morphological regions.

Morphological
Region Maximum Positive Deviation Limits (mm) Maximum Negative Deviation Limits (mm)

Minimum Maximum Mean SD Minimum Maximum Mean SD

Total face 1.72 5.43 3.09 0.92 −5.88 −1.93 −2.93 0.85
Upper face 0.97 3.9 2.16 0.77 −3.5 −0.89 −1.9 0.79
Lower face 1.47 5.22 2.81 0.87 −5.88 −1.34 −2.78 0.89

Nose 0.68 3.9 2.04 0.71 −3.49 −0.47 −1.25 0.67
Upper lip 0.64 5.06 2.16 0.97 −5.69 0.11 −1.5 1.03
Lower lip −0.63 5.22 1.37 1.16 −4.68 0.53 −2.02 1.67

The mean of the maximum positive and negative deviation found in the total face
were 3.09, −2.93 mm, respectively, 2.16, 2.81 mm both for the upper and lower face as a
positive deviation, and −1.9, −2.87 mm for the negative ones. We also found 2.16, 1.37 mm
as a positive deviation of both the upper and lower lip regions, and −1.5, −2.02 mm as the
negative ones while the mean of the maximum positive and negative deviation found in
the nasal region were 2.04, −1.25 mm, respectively.

Similarly, the mean, minimum, and maximum limits of the mean values were calcu-
lated in Table 5. While soft tissue changes were observed in the nasal and upper lip regions
of 0.55, 0.53 mm, respectively, the changes observed in the total face region as well as the
upper and lower lip regions were very small and almost neglected.

Table 5. Descriptive statistics of the mean deviation in the morphological region.

Morphological
Region Minimum Maximum Mean SD

Total face −0.25 0.12 −0.02 0.08
Upper face −0.99 0.65 0.06 0.3
Lower face −0.54 0.32 −0.02 0.16

Nose −0.1 0.96 0.55 0.26
Upper lip −0.87 1.79 0.53 0.67
Lower lip −2.54 2.19 −0.04 1.24

Changes were also observed at the level of the facial landmarks as seen in Table 6. The
deviation found at the level of the right and left Alar points were 0.72 ± 0.45, 0.46 ± 0.59 mm,
respectively. We also found changes at the level of Pronasal and Subnasal points of 0.44± 0.66,
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0.66± 0.64 mm, and for the right and left Cheilion landmarks of 0.46± 1.621, 0.66± 1.98 mm,
respectively.

Table 6. Deviation analysis of the facial soft tissue landmarks.

Landmark Deviation Mean
(mm) SD

Endocanthion (right) Endr 0.28 0.39

Endocanthion (left) Endl 0.25 0.55

Sellion Se −0.03 0.41

Alar point (right) Alarr 0.72 0.45

Alar point (left) Alarl 0.46 0.59

Pronasal prn 0.44 0.66

Subnasal Sn 0.66 0.64

Cheilion (right) Chr 0.46 1.62

Cheilion (left) Chl 0.66 1.98

Labiale superius Ls 0.23 1.36

Labiale inferius Li 0.2 1.37

Stomion Sto −0.11 1.71

Sublabiale Sl −0.43 1.31

Soft tissue menton me’ 0.02 0.89

Moderate positive and negative correlations were found between the expansion
amount and our variables using the Pearson correlation coefficient, but they did not reach
the level of significance, except for the mouth width difference, which showed significant
moderate positive correlation with the jackscrew activation at the level of 5% of significance,
as seen in Figure 8.

Figure 8. Scatter plot for the correlation between the mouth width difference and the jackscrew
activation amount.
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4. Discussion

Assessment of the soft tissue changes after RME is a critical step during our orthodon-
tic treatment. Various strategies, including laser scanners, stereophotogrammetry, and
structured light scanners have recently been introduced for 3D soft tissue evaluation. It
was found that the accuracy of the structured light scanner was at 0.57 ± 0.07 mm, and
seemed to be the best in the midface region [28]. Jung et al. concluded that the accuracy
of the structured light system is comparable to the direct anthropometric measurements.
Furthermore, it was reported that more reliable 3D datasets are expected if the face of the
subject was scanned from a couple of angles at the same time in less than 1 s [17]. Lee et al.
investigated the reliability of 34 facial landmarks using a 3D handheld structured-light
scanner (Artec Eva) and they observed constellations of landmarks that showed high
reliability in each condition in terms of head posture and image resolution. The Artec EVA
scanner is claimed to be comparable to other scanners mentioned in literature and leads to
more accurate 3D models as compared to scanning with FaceScan3D [29].

Given the small sample size, the effects of patients’ age and sex could not be considered
in this study. It was found in previous studies that the stage of maturation (based on the
maturation of the cervical vertebrae) and sex had no significant effect on the soft tissue
changes brought about by RME [30,31].

Our observations were made in a population of subjects who were in the active growth
phase. It was presumed that growth might not cause a considerable interference with the
studied parameters if evaluated for a period of 6 to 7 months [32]. Torun et al. found
no significant difference between pre-pubertal and post-pubertal subjects [31]. This is in
agreement with the outcomes of Johnson et al., who found that the developmental status
had no significant effect on the soft tissue changes after RME [30]. Longo et al. proposed
that the impact of growth is not a factor if a six-month observation period is used [33]. In
their meta-analysis, Huang and co-workers came to the same conclusion [32]. Thus, in this
study, a six-month retention period was applied.

To evaluate soft tissue changes, linear and angular measurements were made be-
tween point pairs and triads, completed with regional deviation analyses for various
morphological regions of the face and for the facial landmarks.

4.1. Facial Soft Tissue Changes

Intercantal width increased by a mean of 0.65 mm after RME expansion. However,
this increase did not reach a statistically significant level. Generally, forces generated
with the aid of RME are claimed to affect circummaxillary sutures, along with the fronto-
maxillary, nasomaxillary, and frontonasal ones [34–36]. The previously mentioned findings
could provide an explanation for the 3D deviations observed around the eye. Baysal et al.
suggested that the significant increase that they found in the intercanthal distance was the
result of normal growth and development [37]. Dindaroglu and co-workers noted that,
even if 3D facial images are captured rapidly, apparent 3D changes might occur in soft
tissues around the eye because of the movement of the eyelids [26].

One of the most frequently examined anatomical regions in connection with RME
is the nose, given the close anatomical relationship between the maxilla and the nasal
area [26].

In this study, statistically significant increases were observed in nasal width (mean:
1.02 mm, p < 0.05), nasal base width (mean: 1.21 mm, p < 0.05), and nasal angle (mean: 3.2◦,
p < 0.05).

Berger and colleagues found a mean increase of 1.6 mm in nasal width, and a mean
increase of 1 mm in nasal length after RME [10]. Furthermore, Altorkat and colleagues
found that RME produces pyramidal expansion with the greatest transverse expansion at
the anterior nasal spine landmark (ANS) [19]. However, the authors suggested that these
changes may be neither symmetrical nor homogeneous when the anatomical relationship
between the nose and maxilla is considered.
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Pangrazio-Kulbersch and co-workers found a mean increase of 1.34 mm in alar width
after RME [38], which is in accordance with our findings. Johnson et al. used direct
measurements with an average of 7 mm of appliance expansion and found less than
1.5 mm change in nasal base and alar cartilage width, neither of which was clinically
significant [30].

Increases were also observed in all transverse linear measurements in the nasal area
including nasal base width, alar cartridge width, nasal tip retraction, and flattening of the
nasal tip following RME. However, it was reported that these changes were very small
and highly variable [19]. On the other hand, Silva Filho et al. used 2D photographs and
concluded that RME did not cause changes in nasal morphology [39]. These observations
markedly differ from our findings, and the reason for this difference most likely lies in the
different scanning methods.

In this study, we found a statically significant increase (mean: 2.62 mm, p < 0.05) in
mouth width after RME, likely because of the transverse expansion of the maxillary halves.
We also found statically significant increases in the upper and lower lip angle (mean: 3.45◦

(p < 0.05) and 3.78◦ (p < 0.05), respectively).
Our results correspond to those of Altındi S et al. who also found a statistically

significant increase in mouth width [18]. Similar changes in mouth width after RME were
demonstrated in a recent CBCT study by Kim et al. [20]. On the contrary, the study of
Baysal et al. found no statistically significant change in this respect [37], but this lack of
significance might well be put down to the small sample size (17 subjects).

Despite the significant changes in both the linear and angular parameters found in
the study of Dindaroglu F et al., it was considered that changes measured only in these
dimensions may not reflect the actual soft tissue changes properly [26]. Thus, to complete
linear and angular measurements, volumetric analyses were also conducted in the present
study. A region was characterized by the mean value of all points of measurement within
the given region.

We found significant facial soft tissue changes in both the nose and the upper lip
regions (0.55 ± 0.26, 0.53 ± 0.67 mm, respectively), and we also noticed highly positive
and negative deviations in the other facial morphological regions of the face, but the mean
deviation for these regions changed only to a negligible extent.

The results of Dindaroglu et al. [26] are quite similar in this respect. The authors found
that both positive and negative deviations were below 2 mm regardless of which morpho-
logical region of the face was examined. Specifically, the mean maximum positive and
negative deviations for the nose area were 0.77 ± 0.34 and −0.94 ± 0.41 mm, respectively,
and when all the points forming the nose region were considered, the mean deviation was
0.41 ± 0.21 mm, which is similar to our results.

Regarding the upper lip region, the mean positive and negative change in the same
study was 0.87± 0.38 and−0.57± 0.14 mm, respectively, while the greatest recorded mean
deviation was 1.44 mm [26].

The mean of the maximum positive deviation for the total face was 3.09 ± 0.92 mm in
our study. It was 2.16± 0.77, 2.81± 0.87 mm for the upper and lower face regions, respectively,
while the mean of the maximum negative deviation was −2.93 ± 0.85 mm for the total face,
and −1.9 ± 0.79, −2.78 ± 0.89 mm for the upper and lower face regions, respectively.

Ong and co-workers, in a 3D study, reported that the mean maximum maxillary
deviation was 1.2 ± 0.4 mm and 1.0 ± 0.3 mm for the right and left sides, respectively [23].
These results are quite close to our findings.

Although, in this study, the greatest mean deviations were recorded in the lower lip
region (2.19 and 2.54 mm, positive and negative, respectively). The mean deviation for the
whole sample in the lower lip region was negligible (−0.04 ± 1.24 mm).

For a more detailed understanding of the soft tissue alterations, deviations were
calculated for specific facial landmarks. The greatest deviation was found at the alar point
(0.72 ± 0.45 mm). Furthermore, the left alar point shifted by 0.46 ± 0.59 mm, and the
subnasal point shifted by 0.66 ± 0.64 mm.
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Kim et al. evaluated the deviations at different points in various nasal regions and
detected a mean deviation of less than 1 mm for all the points, except for the ones in the
sub-nasal region, where a mean deviation of 2.21 ± 1.23 mm was found [20]. The authors
also found that the position of the left lip commissure changed by 0.65 mm, whereas the
position of the right lip commissure changed by a mean of 1.20 mm [20]. Furthermore,
we found that the position of the left and the right lip commissures changed by 0.66 and
0.46 mm, respectively, and also found a positive deviation at the pro-nasal point (0.44 mm)
and negative deviation at the sublabial point (−0.43 mm). Kim et al. [20] found a positive
change of 0.43 ± 1.24 mm at the nasion point, which did not change in our study.

Although we found positive and negative correlations between the amount of expan-
sion and most of the facial soft tissue variables, these correlations did not reach a level
of statistical significance. Only mouth width showed a moderately significant positive
correlation with the amount of jackscrew activation (p < 0.05).

4.2. Limitations

A major limitation of this study is the small sample size, which prevented us from
considering the effect of sex, among other factors, and it is also a limitation that prevents
strong conclusions. Another relative limitation is the absence of a control group. However,
based on the literature, we had reason to assume that, with a short observation period, it
was not likely that normal growth would interfere with the results.

5. Conclusions

Significant changes in the nasal region and in the upper lip region were found after
RME and six months of retention, and a significant positive correlation between mouth
width and the amount of expansion was also observed.

The outcomes show that rapid expansion causes significant soft tissue changes on the
surface of the face. While our results are a good starting point, further investigations with
larger sample sizes and suitable controls are definitely necessary to allow generalizable
statements about soft tissue responses after RME, especially in the long run.

Author Contributions: Conceptualization, A.A. and E.S. Data curation, L.H. Formal analysis, A.A.
Project administration, J.P. Software, A.A., R.B., and L.P. Supervision, J.P. and E.S. Validation, A.A.,
L.P., and E.S. Writing—original draft, A.A. Writing—review & editing, J.P., G.B., and E.S. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This prospective study was conducted according to the
guidelines of the Declaration of Helsinki, and approved by the Human Investigation Review Board,
University of Szeged, Albert Szent-Györgyi Clinical Centre (No. 151/2019-SZTE).

Informed Consent Statement: Informed consent was obtained from the parents of all subjects
involved in the study. Written informed consent has been obtained from the parents of the patient
presented to publish this paper.

Data Availability Statement: Data used in this study are available from the corresponding author
upon a reasonable request.

Conflicts of Interest: The authors declare no potential conflict of interest with respect to the author-
ship or publication of this article.

References
1. Zeng, J.; Gao, X. A prospective CBCT study of upper airway changes after rapid maxillary expansion. Int. J. Pediatric Otorhino-

laryngol. 2013, 77, 1805–1810. [CrossRef]
2. Haas, A.J. Rapid Expansion of the Maxillary Dental Arch and Nasal Cavity by Opening the Midpalatal Suture. Angle Orthod.

1961, 31, 73–90.
3. Haas, A.J. The treatment of maxillary deficiency by opening the midpalatal suture. Angle Orthod. 1965, 35, 200–217. [PubMed]
4. Wertz, R.A. Skeletal and dental changes accompanying rapid midpalatal suture opening. Am. J. Orthod. 1970, 58, 41–66. [CrossRef]

http://doi.org/10.1016/j.ijporl.2013.07.028
http://www.ncbi.nlm.nih.gov/pubmed/14331020
http://doi.org/10.1016/0002-9416(70)90127-2


Int. J. Environ. Res. Public Health 2021, 18, 3379 13 of 14

5. Zimring, J.F.; Isaacson, R.J. Forces produced by rapid maxillary expansion. 3. forces present during retention. Angle Orthod. 1965,
35, 178–186.

6. Adkins, M.D.; Nanda, R.S.; Currier, G.F. Arch perimeter changes on rapid palatal expansion. Am. J. Orthod. Dentofac. Orthop.
1990, 97, 194–199. [CrossRef]

7. Maulik, C.; Nanda, R. Dynamic smile analysis in young adults. Am. J. Orthod. Dentofac. Orthop. 2007, 132, 307–315. [CrossRef]
[PubMed]

8. Smith, T.; Ghoneima, A.; Stewart, K.; Liu, S.; Eckert, G.; Halum, S.; Kula, K. Three-dimensional computed tomography analysis of
airway volume changes after rapid maxillary expansion. Am. J. Orthod. Dentofac. Orthop. 2012, 141, 618–626. [CrossRef]

9. Abedini, S.; Elkenawy, I.; Kim, E.; Moon, W. Three-dimensional soft tissue analysis of the face following micro-implant-supported
maxillary skeletal expansion. Prog. Orthod. 2018, 19, 46. [CrossRef]

10. Berger, J.L.; Pangrazio-Kulbersh, V.; Thomas, B.W.; Kaczynski, R. Photographic analysis of facial changes associated with
maxillary expansion. Am. J. Orthod. Dentofac. Orthop. 1999, 116, 563–571. [CrossRef]

11. Chung, C.H.; Font, B. Skeletal and dental changes in the sagittal, vertical, and transverse dimensions after rapid palatal expansion.
Am. J. Orthod. Dentofac. Orthop. 2004, 126, 569–575. [CrossRef] [PubMed]

12. Da Silva Filho, O.G.; Boas, M.C.; Capelozza Filho, L. Rapid maxillary expansion in the primary and mixed dentitions: A
cephalometric evaluation. Am. J. Orthod. Dentofac. Orthop. 1991, 100, 171–179.

13. Littlefield, T.R.; Kelly, K.M.; Cherney, J.C.; Beals, S.P.; Pomatto, J.K. Development of a new three-dimensional cranial imaging
system. J. Craniofac. Surg. 2004, 15, 175–181. [CrossRef] [PubMed]

14. Brons, S.; Van Beusichem, M.E.; Bronkhorst, E.M.; Draaisma, J.; Bergé, S.J.; Maal, T.J.; Kuijpers-Jagtman, A.M. Methods to quantify
soft-tissue based facial growth and treatment outcomes in children: A systematic review. PLoS ONE 2012, 7, e41898. [CrossRef]

15. Straub, J.; Kading, B.; Mohammad, A.; Kerlin, S. Characterization of a Large, Low-Cost 3D Scanner. Technologies 2015, 3, 19–36.
[CrossRef]

16. Ma, L.; Xu, T.; Lin, J. Validation of a three-dimensional facial scanning system based on structured light techniques. Comput.
Methods Programs Biomed. 2009, 94, 290–298. [CrossRef]

17. Jung, J.; Lee, C.H.; Lee, J.W.; Choi, B.J. Three dimensional evaluation of soft tissue after orthognathic surgery. Head Face Med. 2018,
14, 21. [CrossRef]

18. Altindis, S.; Toy, E.; Basciftci, F.A. Effects of different rapid maxillary expansion appliances on facial soft tissues using three-
dimensional imaging. Angle Orthod. 2016, 86, 590–598. [CrossRef]

19. Altorkat, Y.; Khambay, B.S.; McDonald, J.P.; Cross, D.L.; Brocklebank, L.M.; Ju, X. Immediate effects of rapid maxillary expansion
on the naso-maxillary facial soft tissue using 3D stereophotogrammetry. Surgeon 2016, 14, 63–68. [CrossRef]

20. Kim, K.B.; Adams, D.; Araújo, E.A.; Behrents, R.G. Evaluation of immediate soft tissue changes after rapid maxillary expansion.
Dental Press J. Orthod. 2012, 17, 157–164. [CrossRef]

21. Solow, B.; Tallgren, A. Natural head position in standing subjects. Acta Odontol. Scand. 1971, 29, 591–607. [CrossRef]
22. Weber, D.W.; Fallis, D.W.; Packer, M.D. Three-dimensional reproducibility of natural head position. Am. J. Orthod. Dentofac.

Orthop. 2013, 143, 738–744. [CrossRef] [PubMed]
23. Ong, S.C.; Khambay, B.S.; McDonald, J.P.; Cross, D.L.; Brocklebank, L.M.; Ju, X. The novel use of three-dimensional surface

models to quantify and visualise the immediate changes of the mid-facial skeleton following rapid maxillary expansion. Surgeon
2015, 13, 132–138. [CrossRef] [PubMed]

24. Farkas, L.G. Anthropometry of the head and face in medicine. J. Oral Maxillofac. Surg. 1981, 40, 394.
25. Swennen, G.R.J. 3-D Cephalometric soft tissue landmarks. In Three-Dimensional Cephalometry; Springer: Berlin/Heidelberg,

Germany, 2006; pp. 183–226.
26. Dindaroglu, F.; Duran, G.S.; Gorgulu, S. Effects of rapid maxillary expansion on facial soft tissues: Deviation analysis on

three-dimensional images. J. Orofac. Orthop. 2016, 77, 242–250. [CrossRef] [PubMed]
27. Dahlberg, G. Statistical Methods for Medical and Biological Students. Br. Med. J. 1940, 2, 358–359.
28. Zhao, Y.J.; Xiong, Y.X.; Wang, Y. Three-Dimensional Accuracy of Facial Scan for Facial Deformities in Clinics: A New Evaluation

Method for Facial Scanner Accuracy. PLoS ONE 2017, 12, e0169402. [CrossRef]
29. Modabber, A.; Peters, F.; Kniha, K.; Goloborodko, E.; Ghassemi, A.; Lethaus, B.; Holzle, F.; Mohlhenrich, S.C. Evaluation of the

accuracy of a mobile and a stationary system for three-dimensional facial scanning. J. Craniomaxillofac. Surg. 2016, 44, 1719–1724.
[CrossRef] [PubMed]

30. Johnson, B.M.; McNamara, J.A.; Bandeen, R.L.; Baccetti, T. Changes in soft tissue nasal widths associated with rapid maxillary
expansion in prepubertal and postpubertal subjects. Angle Orthod. 2010, 80, 995–1001. [CrossRef]

31. Torun, G.S. Soft tissue changes in the orofacial region after rapid maxillary expansion: A cone beam computed tomography study.
J. Orofac. Orthop. 2017, 78, 193–200. [CrossRef]

32. Huang, J.; Li, C.Y.; Jiang, J.H. Facial soft tissue changes after nonsurgical rapid maxillary expansion: A systematic review and
meta-analysis. Head Face Med. 2018, 14, 6. [CrossRef] [PubMed]

33. Longo, P. Dimensional Changes of Facial Soft Tissue Associated with Rapid Palatal Expansion. Master’s Thesis, Marquette
University, Ann Arbor, MI, USA, 2014.

34. Bazargani, F.; Feldmann, I.; Bondemark, L. Three-dimensional analysis of effects of rapid maxillary expansion on facial sutures
and bones. Angle Orthod. 2013, 83, 1074–1082. [CrossRef] [PubMed]

http://doi.org/10.1016/S0889-5406(05)80051-4
http://doi.org/10.1016/j.ajodo.2005.11.037
http://www.ncbi.nlm.nih.gov/pubmed/17826598
http://doi.org/10.1016/j.ajodo.2011.12.017
http://doi.org/10.1186/s40510-018-0243-z
http://doi.org/10.1016/S0889-5406(99)70190-3
http://doi.org/10.1016/j.ajodo.2003.10.035
http://www.ncbi.nlm.nih.gov/pubmed/15520689
http://doi.org/10.1097/00001665-200401000-00042
http://www.ncbi.nlm.nih.gov/pubmed/14704586
http://doi.org/10.1371/journal.pone.0041898
http://doi.org/10.3390/technologies3010019
http://doi.org/10.1016/j.cmpb.2009.01.010
http://doi.org/10.1186/s13005-018-0179-z
http://doi.org/10.2319/051115-319.1
http://doi.org/10.1016/j.surge.2014.04.005
http://doi.org/10.1590/S2176-94512012000500022
http://doi.org/10.3109/00016357109026337
http://doi.org/10.1016/j.ajodo.2012.11.026
http://www.ncbi.nlm.nih.gov/pubmed/23631976
http://doi.org/10.1016/j.surge.2013.10.012
http://www.ncbi.nlm.nih.gov/pubmed/24325933
http://doi.org/10.1007/s00056-016-0033-5
http://www.ncbi.nlm.nih.gov/pubmed/27272054
http://doi.org/10.1371/journal.pone.0169402
http://doi.org/10.1016/j.jcms.2016.08.008
http://www.ncbi.nlm.nih.gov/pubmed/27614543
http://doi.org/10.2319/033110-179.1
http://doi.org/10.1007/s00056-016-0074-9
http://doi.org/10.1186/s13005-018-0162-8
http://www.ncbi.nlm.nih.gov/pubmed/29562914
http://doi.org/10.2319/020413-103.1
http://www.ncbi.nlm.nih.gov/pubmed/23745976


Int. J. Environ. Res. Public Health 2021, 18, 3379 14 of 14

35. Ghoneima, A.; Abdel-Fattah, E.; Hartsfield, J.; El-Bedwehi, A.; Kamel, A.; Kula, K. Effects of rapid maxillary expansion on the
cranial and circummaxillary sutures. Am. J. Orthod. Dentofac. Orthop. 2011, 140, 510–519. [CrossRef] [PubMed]

36. Woller, J.L.; Kim, K.B.; Behrents, R.G.; Buschang, P.H. An assessment of the maxilla after rapid maxillary expansion using cone
beam computed tomography in growing children. Dental Press J. Orthod. 2014, 19, 26–35. [CrossRef]

37. Baysal, A.; Ozturk, M.A.; Sahan, A.O.; Uysal, T. Facial soft-tissue changes after rapid maxillary expansion analyzed with
3-dimensional stereophotogrammetry: A randomized, controlled clinical trial. Angle Orthod. 2016, 86, 934–942. [CrossRef]

38. Pangrazio-Kulbersh, V.; Wine, P.; Haughey, M.; Pajtas, B.; Kaczynski, R. Cone beam computed tomography evaluation of changes
in the naso-maxillary complex associated with two types of maxillary expanders. Angle Orthod. 2012, 82, 448–457. [CrossRef]

39. Silva Filho, O.G.; Lara, T.S.; Ayub, P.V.; Ohashi, A.S.; Bertoz, F.A. Photographic assessment of nasal morphology following rapid
maxillary expansion in children. J. Appl. Oral Sci. 2011, 19, 535–543. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ajodo.2010.10.024
http://www.ncbi.nlm.nih.gov/pubmed/21967938
http://doi.org/10.1590/2176-9451.19.1.026-035.oar
http://doi.org/10.2319/111315-766.1
http://doi.org/10.2319/072211-464.1
http://doi.org/10.1590/S1678-77572011000500017
http://www.ncbi.nlm.nih.gov/pubmed/21986660

	Introduction 
	Materials and Methods 
	Study Sample 
	Clinical Protocol 
	Data Processing and Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Facial Soft Tissue Changes 
	Limitations 

	Conclusions 
	References

